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FOREWORD

The text of this report was given as a paper at the Second National
Convention on Military Electronics, sponsored by the PGME, IRE, at
Washington, D. (,, cn June 16 - 17 - 18, 1358,
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MICROMINIATURIZATION OF INTERMAL ELECTRONICS -
"MICROELFCTRONICS"

Ay: T. A. Prugh, Dimmond Ordnance Fuze Luboratories

Abustract

“ Thias paper is a progress report on one ap-
proach to the problem of fabricating small elec-
tronic circuits. Printed civcuit und metal
evaporation techniques have been used to produce
n binnry counter module occupying less than
1 1'0 of a cubie inch. Included in the module
nre two transistors, two dlodes, two capacitors,
and e¢ight resistors. Problems and solutions are
dederibed in the arcas of circuit design, pas-
slve component, semiconductor ¢ ponent, and en-
capsulation. Extrapolation of ,.esent techniques
shows promise of permitting a density of 2000
transistors plus mssociated components per cublc
inch. %
Introduciion

Modern weupona are placing increased de-
mands on ordnance electronlcs., One asevere
requirement i3 the need to put more electronics
in leas space. The Diamond Ordnance Fuze
Laboratories have been active for more than a
decade in the ureas of printed circuitry and sub-
miniaturization. Approximately u year ago a
team of circuit, component, and semiconductor
people wny formed to concentrate on the problem
of making radically small electronics. This
present paper is-a progress report on the year
of activity in microminiaturization at DOFL.

Two stages in the evolution of ‘the metho,s
of making small electronic packages will be
described. The first step will be covered
briefly as it is a logical extension of the
etched wiring board incorporating separately
cased component parts such as the Signal Corps
Am’.o-Sz-rmb:l.yl technique. The second step is the
utilization of printed circuit techniques wher-
ever possible.

The term "internal electronics' is used to
describe that portion of an electronic system
that operates at low power level and {a pri-
marily concerned with the handling ard proc-
esaing ¢!l information. Not included are the
usual high pover stages required to drive
motors, antennae or display devices. These
latter circui.s occur at the boundary between
the electronic sys‘em and the environment sur-
rcunding 1t.

"Hearing A1d" Approach

The advent of small resistors, capacitors,
and transistors aa used by the hearing aid in-
dustry hss permitted etched wiring bosrds to bdbe

13.G. Baasler, "The Applicaiion of Auto-Sembly
to the Minsile Field," Convention Record of
Firast Mntional Convention on Military
Flectronicuy, 197 pp. 109-116H

sealed dovn {n size., The amount of reduction
i{s roughly in proportion o the reduction in
sire occurring betveen commercially available

i wvatt resistors and 1/10th vatt resistors.
This «pproach has brought up new problems in
fine line etching, component insertion and dip
Luldering because of the closer physical toler-
unces demanded, However, the progress in
etched board technology hus made the sicy iess
difficult.

Figure 1 shows sewvernl modules mude by this
approach. About 150 component part«, 20 trans-
iators plus associated parts, or 10 binary
counter stages per cubi{c inch i{s the possible
density. Interconnection of the individunl
modulen 1s accomplished by means ¢f a secondury
etched board.

Method of Quantlitative Compariscn

A brief digresaion 1a in c.der to discuss
hcw to compare the various fabrication schemesa
in a quantitative manner. Thre¢ densities will
be used:

(1) Total number of component parts per
cublc inch.

(2) Mumber of transiators per cubic t{nch,.
Other component parts are sssumed
fitted 1in alno.

(3) Mumber of binary counter stmges per
cubic inch.

The component man generrlly likes the firat
density. The circuit mnn likes the seccrd be-
cause it is an indication of the number ot
urtive elements., The logic deraigner favors the
third because it {3 a measure of the logicul
blocky that can be fit into a cubic inch.

DOFL_?D Approach

Ay pointed out by Brunettd® the significant
reduction in size comes about by eliminating {n-
dividunl part casey and blending the parts (nto
one heterogeneous mans, The integrated-canrlenn
printed circuit approach under atudy at DOFL {a
a start {n this dircctinm,

Some general guldelines were used to
direct the search for Lechniques. As mentioned
above no individual component protection was to
be uned unless nbsolutely necessary., 3econdly,
rather than attempting to reduce all three
dimensions an equal amunt it wvags decided to
concentrate on a "tvo dimensional” module with
the third dimension, {.e., the thicknesr, an
thin as ponrible. This permita appronching
zero volume but with a finite srea that can

o Brunetti, "A New Venture into Micvominin-
turization,” 1957 IRE Convention Recornd,
pt. 6, pp. 5-10.
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still be «een wid worked i, The thint point
wind o demad the least in performance out of
the ({ndlvidunl component parts, Thie latter
point was particularly important vhen conalder-
ing the pousslbility of using caseless transis-
tora,

troblem Aren.

A number cf interrelated arens of work were
iavolvext in the successful design and fabri-
calion of worklng moduvles. [ncluded were:

. Chatee of circutt type and constants.

. Mounting plate, conductors, reslstors,
and capacitors.

5. Semiconductor c rponents (diodes and

transistora),

-

Alditional areac delng worked on nov are:

%, Translotor-diode protectin from
contamination.

Yo Over-all protection of a module.

fi, Intercopnection of modules,

7. Optimum (omplexity of modulews,

3. Enviroomental evaluation.

The rircutlt chosen for experimentation in
working out the techniquen wnn a binary counter
ntnge., Thin type circult can be denigned to
operate with Lrond margine and thus permit
early fabrication of working circuits for study
under dynamtc esnditiona. The circuit schematic
is shown in Plgure 2. Jo nttcwpt wvos made to
obtaln high frequency performance. The capa-
eltors are large cnough in capacity for use with
low-frequency axdio-type tranniators.

The counter circuit ts bolerant In demands
on the coeponent parts in aeveral respectio:

t. lov frequency (as mentionad ahowe),

2. lov voltage perntion,

5. lov current operation,

4. tow tranststor current gal: (B)
peraittnad,

5. high transistor I Purmitted,

6. reslstor ration nggg important than
aboolute valuens,

in the fadbrication of modules much of the
Lechnology developed in the pant ten years for
priated c.cculta has been directly applicable
vith proper ncaling down in slre. The mounting
plate used in the modulvas lu o steatite cornmic
wafer 1/2 tnch uquare Ly 20 mils thick, The
condurtor pattern is a sllk ucreened nilver
pnint fired in place., The conductor width in
npproximntaly 30 atls.

Tie resistors are sloo ek screened an
the wafer and arc a rarbon composition nimiler
in characteristics to cramercially nvailable
componition resintors, A 10K ohm reaistor in
approximatrly 60 alina nquare and 1 mil thick.

e s e e st o e

Injection molding methods leok attractive for
large production runs.

The capucitors used are an experimental
type made from reduced barium titanate. The
0,01 uf capacitor is physically 0.1 inch square
and 8 mils thick., This type capacitor has a
very low voltage bLreakdown, a property which
does not prevent its use in the present modules.

The most difficult problems occur in ob-
taining n satisfactory caselears tranajistor.
Mounting the die, lead uttachment, anl aurface
protection constitute the major difficulties.
The particular transistor type utilized in the
firat operating modules is n diffused-base
unit., The 45 mil square die is cemented in a
hole in the ceramic plate wlth epoxy plastic.
Connections are made between the transietor
electrodes and the ellver wiring pattern by an
evaporated aluminum film. The precise dimen-
#lonal control required ga obtained by photo-
lithographic techniques.

An experimental module is shown in FPlgure 7.
The back side Ln identical in conatruction.
The milver wivine pattern, black resistor pat-
tern, capaclitor platen, and semiconductor
devices arc clearly visible. This 2D apprrcn
will permit a denuity of about 1500 rormponent
puarts, 200 transistors plun mssoriated parts,
or 100 binary ecounter stages per cubic inch.

The protection of the individual component
partns and the completed modules 1s being ap-
proschisl frem pevernl aspects. The semi-
conduc vor devices are undoubtedly the most
vulnernble, The photoresist used to make ‘e
diffused bane type transistors has proven iu ve
a good surface protector. Other plastic ercap-
sulants are being considered for temporsry
protection purposes. The present plan is to
hermetically seal a number of interconnected
modules into a common contalner. Polsoning of
the semiconductor surfaces by contamlaants fron
the other component parts in the geme sealed
volune is being inv-atigated. If neceasary it
may be possible to individually seal each
trensistor or diode in its hole in the ceramic
plate.

The interconnection of powver and signal
lines between modules must be done in an eff{-
clent and practical fashion or the large volume
reduction theoretically obtainable will not be
achieved. One face of u group of stucked

3. R. Wall and J. W. Lathrop, "Photolitho-
graphic Fabrication Techniques for Transistors
which are an Integral Part of a Printed Cfir-
cuit," A papur presented at the 1957 Electron
Devices Meeting of the IRE PGED, Rov. 1, 1957.




mudul s can te used for intercomnections. The
binary counter modnle has lewd wires coming out
one end, A amall ctched interccnnection board
can be used {n o similar fashion to the "hearing
ald" appronch.

An experimental technigue dbeing tried is
to chemically deposlt copper or screen silver
an oh2 Interconnection pattern directly on one
or more faces of the group of modules.

A purtieularly troublesome question which

must be ‘ved In a apecific system spplication
is:  what ‘er of components or :legree ol com-
plexity she module have? Making the
modules too . Le will mean & larye amt com-

plicated intexconnection patiern. If the
modules & 'y complicated the yield in pro-
duction will be low and the cost Lo replsce a
defective module will be high. In the present
research otage the binary counter is usuffic-
lently involved to tnx the techniques under
study.

Detntled envirenmentad studien are needed
to cheek the 1if'e and euggedness of the inte-
rented-caseleus modules. Temperature extremes,
high humidity, shock, nnd vibrstion will un-
doubtedly expose weaknesscs in the techniques.

Future poasibilities

Although problems still exist i~ the fab-
rication of the present size modules even
smuller versi.cs peem feasible. Two broad
upproaches are possible. The most direct is
to scale down further the printed components and
caseless semlconductor devices. A factor of two
decrease in each dimension seems practical and
would give encther order of magnitude reduction
in volume.

A second approach which has greester poten-
tial is to integrate the functions of reslstors,
capacitors, diodes, apnd transiators, to a much
greater extent. In the prenent approach the
various component part types are made in
separate distinet steps. If all component parts
could be fabricated from one type of muterial
by a single process, such as prin.ing or evap-
oration, s much smaller and simpler module
would result,

In the area of reliability a particularly
difficult problem 1s to assure solid ohmic
i{aterconnections between modules. As sizen go
down the difficultics rise rapidly. One
promising approach is to use only capaﬁltativc
or inductive coupling between modules. The

]"T}u’.u tdea i3 an extenrion of onc proposed by
W. D. Fuller and J. G. Smith of Varo Mfg.
Compuany in which only the signal connectiona
would be made Ly capacitative coupling.

mosl important consideration will then become
the proper geometric relationship of the
modules rather than good low resistance con-
nections. Power and sipgnal conncctions would
all be handled in the sume manner. It should
be possible to reduce drastically the number
of faulty and erratic comnections.

Conclusions

Figure » summarizes the evolution of fub-
rication technigues ns 1llustrated by a 10
gtage binary counter. The top view shows
ctched boards with standard component parts.
The middle view is the "hearing aid" approach.
The amall unit at the bottom shows the DOFL
7D technique,

The techniquesa described permit one to
two orders of magnitude reduction in volume
of electronic equipment used for inforwation
handling purposes. Further research along
logical extensions of the present methods show
promine of permitting several thousnnd tronn-
fatora plun aanocinted componentns Lo occu,y
leag than one cubic inch.

It requires 1ittle imagination to see many
potentiul benefita of this compact electronices -
microclectronics -~ to the varlous phases of
military clectrontcs. More electronics will
be able to go into n given volume or cven more
important, electronic systems never before con-
sidered portable will be easily carried in
minsiles, satellites, or by man.
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